Dithane M-45, a ethylenebis(dithiocarbamate) fungicide widely used in agriculture, including moriculture and sericulture, was tested for its efficacy in inducing dominant lethals in Bombyx mori. A polyvoltine race of Pure Mysore was used for the studies and the topical application method was employed. After treatment with sublethal concentrations of 5, 10, and 20 g/50 larvae, the results have revealed that all of the concentrations could induce significant dominant lethals in a dose-dependent manner compared to controls. The results are discussed in the light of precautionary measures in the use of Dithane M-45 in the sericulture industry.
INTRODUCTION
Carbamate pesticides are a recently introduced group of chemicals with a variety of applications. They are being used as fungicides, insecticides, seed disinfectants, etc. Dithane M-45 is one such carbamate fungicide which is being employed in agriculture to eradicate the fungal pathogens of food crops, vegetables, etc. . Experiments with phytophthora have revealed that Dithane M-45 at 5 ppm killed the zoospores (Berquist, 1972) . Such toxic effects of Dithane M-45 on the alga Stichococcus basillus and Drosophila melanogaster have also been demonstrated by Marton (1974) and Vasudev and Krishnamurthy (1979 , 1982 -1983 , respectively. Dithane M-45 has been used for a long time to control the fungal pathogens of muscardine disease in silkworm and fungal diseases of mulberry leaf (Samson et al., 1983; Sengupta et al., 1990) . Information on the genotoxic effects of Dithane M-45 is very essential since this compound is very commonly employed in the sericulture industry and is thus entering into the ecosystem in general and affecting Bombyx mori (a nontarget organism) and human beings in particular. Hence there is a necessity for understanding the effects of Dithane M-45 in B. mori to get a picture of the mutagenic potential of this compound.
MATERIALS AND METHODS
The Pure Mysore race of B. mori from Huliyurdurga (Karnataka, India) formed the material for the present studies. From the pilot toxicity experiments (Vasudev et al., unpublished data) , 5, 10, and 20 g of Dithane M-45 (zinc ion manganese ethylenebis(dithiocarbamate), obtained from Indofil Chemicals Ltd., Bombay, India) were selected and topically applied on 50 late V instar larvae. After treatment, the worms were allowed to undergo further development and moths were allowed to emerge. Treated males were crossed with untreated female moths and layings were prepared. The laid eggs were incubated at 25 ± 1°C and 80% relative humidity for 10 days. These layings were released for hatching. The number of the embryonic deaths were counted for calculating dominant lethals. Unfertilized eggs were not considered for calculations. The results obtained were statistically analyzed. Regression line analysis, using the formula Y = mx + c, was employed to determine the dose-effect relationships.
RESULTS AND DISCUSSION
Dominant lethal mutation is a major genetic damage which kills an individual in heterozygous conditions (Auerbach, 1962) . Egg hatchability has been used as a measure of dominant lethality and there is considerable evidence to show that this is related to chromosome breakage (Sankaranarayanan, 1969) . Therefore, the frequency of dominant lethals reveals the extent of the clastogenic effects of a compound.
Topical application of Dithane M-45 is the method used for treating silkworm larvae for the eradication of muscardine and hence the same technique has been employed in the present studies to understand the induction of dominant lethals by Dithane M-45. The data of independent experiments for each dose are presented in Table 1 . The results obtained in the two independent experiments for each dose were not significantly variable and hence the data were pooled. These pooled data were used for statistical analyses. The present data demonstrate that Dithane M-45 induced significant dominant lethals when late V instar larvae of B. mori were topically treated (Table 1) . Furthermore, this table also shows that the fungicide induces a significant amount of dominant lethals (P < 0.05) in all of the concentrations tested. Nonetheless, there is a dose-dependent effect in the induc- 
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147 tion of dominant lethals as was borne out by regression line analysis (Fig. 1) . Tazima (1964) has mentioned that at the late V instar larval stage, most of the cells are in secondary spermatocyte and first spermatid stages. As Dithane M-45 has induced significant dominant lethals in the late V instar larval stage in the present studies, it is the considered opinion of the authors that secondary spermatocytes and first spermatids are sensitive stages. These results are in agreement with the studies of Krishnamurthy et al. (1984 Krishnamurthy et al. ( -1985 in B. mori using the carbamate fungicide Benlate in the pupal stages. Weak mutagenic activity of Dithane M-45 was showed by Siebert et al. (1970) in a bacterial test system. Induction of dominant lethals in silkworm races has also been reported by Tazima (1964) and Datta et al. (1978) by using radiation and EMS, respectively. In contrary to present results, it has been demonstrated that Dithane M-45 is a noninducer of sex-linked recessive lethals and II-III translocations in D. melanogaster (Vasudev and Krishnamurthy, 1980) . From the above data it can be said that even though Dithane M-45 is nonmutagenic in D. melanogaster, the mutagenic nature of this compound in bacteria and B. mori warns us against the indiscriminate use of this fungicide in moriculture and sericulture.
